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Claim 

A method for forming a metal silicide film, characterized by 
the fact that it is equipped with a process for forming a first 
metal silicide film at a first treatment temperature on a 
substrate to be treated and a process for forming a second metal 
silicide film of the same components as the above-mentioned first 
metal silicide film at a second treatment temperature higher than 
the above-mentioned first treatment temperature. 

Detailed explanation of the invention 

Purpose of the invention 

Industrial application field 

This invention pertains to a method for forming various 
metal silicide films such as WSi 2/ MoSi 2/ and TiSi 2 . 

Prior art 

As an important problem in a recent high-integration 
semiconductor devices, for example, VLSI, etc., a parasitic 
resistance which limits the operation speed, and in a MOS device, 
gate resistance, source/drain resistance, and contact resistance 
greatly controls the operation speed. Because such a parasitic 
resistance is increased with the miniaturization of an element, a 



technique for using a metal silicide film such as WSi 2 , MoSi 2 , and 
TiSi 2 is developed to lower its resistance. 

As one of the methods for forming such a silicide film, a 
method for forming a film by a CVD method is used. 

In the method for forming a film by the CVD method, a 
substrate to be treated, for example, a semiconductor wafer, was 
mounted on a mounting stand for a substrate to be treated in a 
reactor, and the temperature of the semiconductor wafer was 
raised to a prescribed temperature such a s 600 °C _ ^r^-higher by 
heating-a susceptor. Then, a raw material gas such as a mixed gas 



Problem to be solved by the invention 

However, in the above-mentioned conventional method for 
forming a metal silicide by the CVD method, bec ause the^ sus ceptor 
surface on which a substrate to ^e^tr.eajbMj gas mounted^ and the 
surface of the substrate to be treated were different in material 
quality, the growth rate of .the metal silicide was unstable, and 



the unif ormity of film thickness, resistivity, etc., was markedly 
deteriorated. 

The reason why the growth rate of the metal silicide is 



For example, as shown in Figure 5(a), in case a silicon 
substrate 2 is mounted on a susceptor 1 made of carbon graphite 
and continuously treated, a WSi 2 film 3 has already been formed 
on the susceptor 1 in the preparation, and the silicon substrate 




unstable is explained below. 
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2 makes a contact with the surface of the susceptor 1 on which 
the WSi 2 film 3 is deposited. 

In general, because the surface of a substrate to be 
treated, the surface of a susceptor, etc., also function as a 
catalyst for the raw material gas in the above-mentioned state, 
that is, if the material of the surface of the silicon substrate 
2, such as a polys il icon film 4, and the WSi 2 film 3 formed on 
the susceptor 1 in the preparation are different, a difference is 
generated in the reaction rate of the raw material gas between 
the silicon substrate surface and susceptor surface. 

In particular, in the above-mentioned state, because the 
WSi 2 film 3 has a larger catalyst function than that of the 
polysilicon film 4, the amount of WSi 2 film deposited at the 
peripheral edge of the silicon substrate is larger than that at 
the central part of the silicon substrate, and the uniformity of 
the WSi 2 film 5 to be formed on the silicon film 2 is 
deteriorated. MoH^ C^, <t 

Also, in order to solve the above-mentioned lynobl^ms, a 
method for forming a metal silicide fi lm such as WS i 2 film at a 
low treatment temperature suchas^360^C was also considered; 
however, the WSi 2 film formed by such a low- temperature treatment 
had a poor adhesion with the substrate and a poor jstep coverage. 
Fxirthermore^the^f ilm formation time^was lengthened greatly, and 
the productivity was decreased. i 

The method of this invention solves the above-mentioned 
problems, and its purpose is to provide a method for forming a 
metal silicide film which can form a film with favorable 



1 



5 

uniformity in a short film formation time with an excellent 
productivity. 

Constitution of the invention 

Means to solve the problem 

The method for forming a metal silicide film of this 
invention is characterized by the fact that it is equipped with a 
process for forming a first metal silicide film at a first 
treatment temperature on a substrate to be treated and a process 
for forming a second metal silicide film of the same member as 
the above-mentioned first metal silicide film at a second 
treatment temperature higher than the above-mentioned first 
treatment temperature. 

Function 

In this invention , a first metal silicide film is first 
formed at a prescribed treatment temperature, and a second metal 
silicide film of the same components as the first metal silicide 
film is formed at a hi gher tre atment tem perature on the film, so 
that a metal silicide film with excelle nt unif ormit y_jceui-iie 
formed. ~~ 
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Application example 

Next, an application example in which the method of this 
invention is applied to a method for forming a WSi 2 film is 
explained with reference to the figures. 

On a mounting stand for a substrate to be treated, such as a 
susceptor 11, arranged in a reactor, a WSi 2 film 12 deposited in 
the preparation is formed for a continuous treatment. 

After a substrate to be treated, such as a silicon substrate 
14 in which a polysilicon 13 is formed on the surface, is 
arranged on the susceptor 11, the inside of the reactor is held 
to a prescribed degree of vacuum, and a raw material gas such as 
a mixed gas of S^4_+^J^ 6 _is introduced. The susceptor 11 then is 
heated so that the treatment temperature of the silicon substrate 
14 can be ja low, tamper a^ a temper a ture~of ^T60 °C , and a. 

WSi 2 ^ilm 15 with a^thick ness ofL90Q/A is^oiraed (hereinafter, 
refer the WSi 2 film as a low-temperature WSi 2 film). 

Thus, after the low-temperature WSi 2 film 15 is formed, the 
silicon substrate 14 is once conveyed to a reaction chamber such 
as a vacuum loadlock chamber by a conveying mechanism, which is 
omitted from the figure. 

Then, the inside of the reactor is adjusted to a treatment 
atmosphere for forming a high-temperature WSi 2 film, and the 
silicon substrate 14 is carried again into the reactor. Next, 
after the temperature of the silicon substrate 14 is^raised^to a. 
high temperature ^such^as 680°C by the susceptor ll/for example 
SiH 2 Cl 2 + WF 6 gas, etc., are introduced as a raw material gas into 
the reactor, and a film formation treatment is carried out for 
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about 1 h, so that a WSi, „f,llm^,6_v, ith aj:hicknes s^ of ^900j^is 
formed^ (hereinafter, refer the WSi 2 film as a high~-t¥mper2rture 
WSi 2 film). Thus, a WSi 2 film with a thickness of 3800 A is formed 
on the silicon substrate 14 (Figure 1(b)). 

Thus, the reaction of the silicon substrate 14 with the raw 
material gas is made uniform by forming a thin film of the same 
material as that of the surface of the susceptor 11, so that a 
uniform thin film is obtained. v. 

Because the low-temperature WSi 2 film 15 may be a so-called 
undercoat film that only functions as the same catalyst as th e 
surface member of the susceptor 11, it may be much thinner than 
the WSi 2 film thickness that is ultimately required. Therefore, 
it is pr ^erable ^toform^ a^h j- n and unif orm^film^ by a low- 
temperatur etreatment . 

A comparative test of the above-mentioned method and a 
conventional method was carried out, and its experiment results 
are shown in Figure 2. 

Figure 2(a) shows experimental results for the method of 
this invention. Figure 2(b) shows experimental results for a 
conventional method for forming a film by a high-temperature 
treatment. In the figures, the numerical values described in 
terms of X and Y axes of the semiconductor wafer 14 show a sheet 
resistance value (unit n/cm 2 ) for each part. Also, the 
semiconductor wafer 14 used in the experiment was a silicon wafer 
with a diameter of 5 in, and a wafer in which a Si0 2 is formed on 
its surface was used. 

The experimental conditions are as follows. 



Experimental conditions 



(j) % jfc n yj & 



( L ) (Sfi^ilS 

^* as fl tf 3 6 o *c 
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2 0 0 sec 
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Key: 1 Method of an application example 

2 Conventional method 

3 (1) Low- temperature treatment process 

Treatment temperature 3 6 0 ° C 
Raw material— gas 

Treatment time 

100 sec 
Film "tlficKhess 900 A 

4 (2) High-temperature treatment process 

Treatment temperature 680 °C 



Raw material gas 

WF 6 + ^Cl^ 

Treatment time-- y 

200 sec 

Film thickness 2900 A 
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5 (1) Only high-temperature treatment process 
Treatment temperature 680 °C 
Raw material gas 
WF 6 + SiH 2 Cl 2 
Treatment time 

200 sec 
Film thickness 2900 A 



The experimental results were summarized in the following 
table. 



Table of experimental results 
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2 90 0 a 
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1150 


1100 
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Key: 1 Method of an application example 

2 Conventional method 

3 Film thickness 

4 Uniformity 

5 Resistivity 

Based on the results due of such a comparative experiment , 
as seen from the above-mentioned table and Figure 2, the 
uniformity of the film thickness was improved, compared with that 
of a conventional method/ and the sheet resistance v alue \gas 



uniform. Also, because the uniformity obtained by the method of 
the application example is a numerical value in which the 
/uni^r^ity) in forming the low-temperature WSi 2 film is also 
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cons idered, if the^^lm.^formation control is carried out to 
improve further the uniformity of the low-temperature WSi 2 , the 
improvement of the uniformity is further realized. 

Also, according to the method of this application example, 
the low-temperature WSi 2 film 15 and the high-temperature WSi 2 
film 16, which have a slightly different film quality, are formed 
on the silicon substrate 14; however, iri^th^pjostgr^DC 
the low-temperature WSi 2 film 15 _is ^ ^used into the high- 
temperature WSi 2 film 16^by_a n anne aling treatment ancMnade 
uniform, no problems based on differences in film quality arise. 
Also, because the WSi 2 film after the annealing treatment was a 
film quality equivalent to WSi 2 due to a conventional high- 
temperature treatment, the adhesion with the^i^st^ate to be 
treated was not different from that of a\COTVerrtional method. 

On the other hand, as the" CVD apparatus for realizing the 
method of this invention, various apparatuses are considered. 
However, for example, as shown in Figure 3, in case a 
multichamber CVD apparatus equipped with several chambers is used 
mainly around a vacuum loadlock chamber 21, for example, a first 
chamber 22, a second chamber 23, and a third chamber 24 are 
respectively constituted as a cleaning treatment chamber, a low- 
temperature WSi 2 film formation chamber, and a high-temperature 
WSi 2 film formation chamber, and the substrate 25 to be treated 
may be treated by t sequentially moving these chambers 22, 23, and 
24 through the vacuum loadlock chamber 21. 

Also, in case a single chamber type CVD apparatus shown in 
Figure 4 is used, after the low-temperature treatment of the 
substrate 25 to be treated is finished, the substrate 25 to be 
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treated is once conveyed into a vacuum loadlock 32 from a chamber 
31, and the inside of the chamber 31 is adjusted to an atmosphere 
for a high-temperature treatment. Then, the substrate 25 to, be 
treated may be carried again into the chamber 31 and treated. 

Also, in any treatment of each above-mentioned apparatus, it 
is preferable to be held to a vacuum atmosphere during the 
conveyance . 

In the above-mentioned application example, the method for 
forming the WSi 2 film as a metal silic ide film was explained; 
however, this invention is not limited to it. For example, this 
invention can also be applied to a method for forming other metal 
silicide films such as MoSi 2 arfd TiSi 2 . 

Thus, the method of this invention can also be easily 
applied, by using an ^xisti n g CV EL-ap parat us , and its application 
effect is great. 
Effect of the invention 

As explained above, according to this invention, a film with 
excellent adhesion with a substrate to be treated and uniformity 
can be formed; furthermore, a method for forming a metal silicide 
film in a short film formation time with an excellent 
productivity can be realized. 

Brief explanation of the figures 

Figure 1 is a cross section of a substrate to be treated for 
explaining a method for forming a WSi 2 by the method of an 
application example of this invention. Figure 2 shows comparative 
experimental results of the method of the application example and 
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a conventional method. Figures 3 and 4 show examples of a CVD 
apparatus to which the method of this invention is applied. 
Figure 5 is a cross section of a substrate to be treated for 
explaining a conventional method for forming a film. 

11 Susceptor 

12 WSi 2 film 

13 Polysilicon film 

14 Silicon substrate 

15 Low- temperature WSi 2 film 

16 High- temperature WSi 2 film 




11 




Figure__l 





Figure 2 

Key: 1 Film thickness (A) 

2 Uniformity of the film thickness 

3 Film thickness 

4 Resistivity 
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Figure 4 
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Figure 5 



